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DEOXYRIBONUCLEIC ACID MICRODETERMINATION IN
HUMAN EPIDERMIS*
PIETRO SANTOIANNI, M.D., PrI.D.**t AND STEPHEN ROTHMAN, M.D.
In view of the data indicating that DNA' is
the least variable of all cell constituents (1) and
of some suggestions (2—6) that it may be useful
as a reference substance for expression of the
chemical composition of a tissue (and in con-
sideration of the epidermis nuclear involvement
in some skin diseases), we have sought a simple
reliable method for estimation of DNA in minute
amounts of epidermis.
Chemical methods for the estimation of DNA
are based on determination of a) phosphorus,
b) purine and pyrimidine constituents, and e) de-
oxypentose.
Since phosphorus and purine and pyrimidine
bases are common to both RNA and DNA, the
first two methods involve the quantitative sepa-
ration of DNA from RNA. These methods are
unfortunately time-consuming and require deli-
cate execution. In addition, they do not always
accomplish a complete separation of the tissue
DNA, since part of it may be extracted together
with the RNA (7), or because tissue amino acids
may interfere with the DNA determination (5).
The elaborate fractionation procedure men-
tioned above can be omitted when the DNA
estimation method is based on the determination
of deoxypentose.
The principle of simultaneous aeid-solubiliza-
tion of both types of nucleic acids has been ap-
plied to DNA determination on small amounts
of tissue (9, 10), but it seemed to us that it might
be possible to further simplify the methodology
as applied to the epidermis.
This was made possible by the use of the indole
reaction (11) for DNA determination as modified
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'The following abbreviations are used in this
paper: DNA = deoxyribonucleic acid; RNA =
ribonucleic acid.
by Keck (12). This reaction is more sensitive and
specific than the diphenylamine reaction used in
the aforementioned methods (9, 10), and enables
us to work with exceptionally small amounts of
material.
The mierotechnic to be described for deter-
mination of DNA in minute amounts of epi-
dermis is based essentially on the nucleic acid
extraction procedure described by Ceriotti (13).
EXPERIMENTAL
Apparatus
Originally, the epidermis was ground using a
7 x 5 mm. cylindrical microhomogenizer produced
by Microchemical Specialties Co., Berkeley,
California (Tissue grinder #7500). Subsequently,
a different type of homogenizer was devised (Fig.
1) and constructed by the Physics Glass Shop of
the University of Chicago. This consisted of a
conical tip homogenizer, with a conical plunger.
The plunger was rotated by chucking the handle
to a slow speed rotating motor with rubber tube
connection. This conical type of homogenizer
allows grinding smaller amounts of epidermis,
lowers the loss of homogenate during transfer,
and appears to be better suited for a tough tissue
like the epidermis.
Lang-Levy constriction pipettes were used
(Microchemical Specialties Co., Berkeley, Cali-
fornia) for exact measurement of the small
amounts of reagents used throughout the proce-
dure.
For DNA extraction, test tubes 26 x 6 mm., o.d.
(Arthur H. Thomas Co., #2563 M) were used.
They were provided with stoppers consisting of a
short piece of glass rod, 6 mm. diameter, and
having a rubber connecting sleeve (Arthur H.
Thomas Co., #2463 Q).
During the heating period the tubes were placed
in stainless steel racks approximately 12 x 6 x 4
cm. which accommodated 25—30 tubes in 0.7 cm.
holes.
Mixing was effected by resting tips of hand-
held microtubes against a rotating rubber head
mounted on a small electric motor, the speed of
which could be regulated by a rheostat. This
technic was a modification of the original mixing
technic by "buzzing" described by Lowry et al.
(14).
Centrifugation was carried out in a microcentri-
fuge (Microehemieal Specialties Co., Berkeley,
California) or in a centrifuge equipped with a hori-
zontal head carrying metal shields accommodating
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Fxa. 1. Microhomogenizer made from a Pyrex
glass tubing. Measures in millimeters,
tube size 50 ml. The shields were fitted with cork
adapters each provided with 4 holes of about 6mm.
diameter (9).
DNA determination with indole reagent was
performed in 1-ml. centrifuge tubes having conica-
tips and provided with glass stoppers (Micro-
chemical Specialties Co., Berkeley, California).
The colorimetric readings were made with a
Beckman D.U. spectrophotometer, equipped with
the microcuvettes (Pyrocell, 1.5 x lOx 25mm.) and
adapter described by Lowry and Bessey (15).
Reagents
1. DNA (high polymerized calf thymus DNA
obtained from Worthington Biochemicals Corpo-
ration, Freehold, New Jersey). The phosphorus
content of this preparation was measured by the
Fiske and Subbarow procedure (16), by which
DNA was hydrolyzed and the organic matter de-
stroyed before the colorimetric estimation of total
phosphorus. The amount of phosphorus found was
6.8 per cent.
2. DNA Stock Solution. 2.25 mg./ml. 22.5 mg. of
DNA was dissolved in 10 ml. of distilled water in a
small Erlenmeyer flask by agitating the mixture
continuously with a magnetic stirrer for 12 hours
or more, at 4° C. The solution was stored frozen.
3. DNA Standard Solution, 75 pg/mt. One ml.
of stock solution was diluted to 30 ml. with 10 per
cent perchloric acid. This solution was prepared
freshly each time. For the standard curve it was
further diluted 2, 4, 8, and 16 times.
4. Ethanol-Ethyl Ether Mixture. Three volumes
95 per cent ethanol with 1 volume ethyl ether.
5. 2 per cent Perchloric Acid.
6. 10 per cent Perchtoric Acid.
7. 0.06 per cent Indole. Sixty milligrams of indole
was dissolved in 100 ml. warm distilled water. The
solution is stable for several weeks if kept in a
Pyrex bottle and refrigerated.
8. 6 N HC1. HC1, sp. gr. 1.19 (Fisher Reagent,
A.C.S.).
9. Indole—HC1 Reagent. Two ml. of solution 7
and 2 ml. of solution 8 were mixed and the com-
bined HC1-Indole reagent, kept in a stoppered
flask, was used within a few hours.
10. Amyl Acetate. (Fisher, purified solvent).
PEOCEDURE
Sample Preparation—Normal human skin was
obtained from the legs of fresh surgical specimens.
The epidermis was separated from the dermis
by the stretch method (17).
Specimens of about 1 mg. (wet weight) of
epidermis were accurately weighed by a micro-
balance. Fifty mieroliters of ethanol-ether mix-
ture1 was added to the tissue in the microho-
mogenizer, and the whole ground for about 30
seconds, the stem of the pestle being connected
by a rubber tube to a motor running at about
500-1000 r.p.m.
Efficient mechanical breakage of the epidermal
tissue is important for the efficiency of the DNA
hydrolysis procedure which follows, and for ob-
taining a complete and uniform extraction from
materials of different compactness.
The "homogenate" was transferred to a micro-
tube. Another 50 p1. aliquot of ethanol-ether
mixture was used for washing the pestle and the
homogenizer. The washing was added to the
microtube, and the whole suspension centrifuged
at 3000—4000 r.p.m. for 5 minutes at room tem-
perature. The ethanol-ether mixture was pipetted
off by a constriction pipette.
The lipid-free, ground tissue was then extracted
by adding 100 pI. of 2 per cent perchloric acid
and mixing. The tube was kept at 0° C for 10
minutes, centrifuged at 5000—6000 r.p.m. in the
refrigerated centrifuge, and the perchloric acid
pipetted off. This procedure removes most acid-
soluble compounds (inorganic phosphates, low
molecular weight organic phosphorus compounds,
sugars and co-enzymes containing purine or
pyrimidine bases), while nucleic acids are pre-
cipitated together with proteins. Use of higher
concentrations of acid nnd higher temperatures
may cause loss of DNA by partial hydrolysis to
acid-soluble compounds.
Release of the nucleic acids was accomplished
by acid hydrolysis of the nucleic acids to soluble
components. The residue from the previous step
was suspended in 50 pl. of 10 per cent perchlorie
2 The homogenization in ethanol-ether mixture
defats the tissue and also prevents a possible loss
of DNA due to enzyme action.
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acid, and the stoppered tube was placed in the
microtube rack immersed in a water bath at
800 C for 10 minutes.
After ccntrifugation at 5000—6000 r.p.m. for
5 minutes, the supernatant was carefully with-
drawn by a constriction pipette and transferred
to a storage tube.
A second 50jd. aliquot of 10 per cent perchloric
acid was added to the residue and the heating at
80° C for 15 minutes was repeated.
After ccntrifugation, the supernatant was
pipetted and added to the first hot perchioric
acid extract; a 25 tl. aliquot of 10 per cent per-
chloric acid was used to wash the residue, and
after centrifugation the third supernatant was
added to the first and second.
The combined extracts (total volume about
125 Ml.) were used for the following colorimetrie
determinations.
DNA determination—This test depends on the
formation of a yellow color when DNA is heated
with indole in IIC1 solution.
A 100 gil. aliquot of the tissue extract was
pipetted into a centrifuge microtube. A "blank"
containing 10 per cent perchloric acid instead of
the tissue extract was prepared.
One hundred microliters of indole-hydrochloric
lOX PERCHLORIC ACID EXTRACTS
Fm. 3. Repeated extractions by 10 per cent
perchioric acid of the tissue residue after ethanol-
ether and 2 per cent perchiorie acid treatment.
Fifty microliters of 10 per cent perchioric acid
were used each time to extract DNA, heating for
15 minutes at 800 C.
acid reagent3 was added, and the tubes were
closed with aluminum foil caps and kept in a
boiling water bath for 10 minutes.
After cooling a few minutes in an ice-bath,
0.4 ml. of cold amyl acetate was added to each
tube. The tubes were stoppered, mixed for 15
seconds, then centrifuged at low speed for about
1 minute to separate the layers.
Most of the water layer was transferred to a
microcuvette and the absorbaney read at 490
mjz. Since lower values of absorbancy were ob-
served if the water phase was left in contact with
the amyl acetate for a longer period, the readings
were taken within 10—20 minutes.
The amount of DNA was expressed as DNA-P.
Accuracy of the method—A standard curve for
DNA determination with the described method
More color is developed than when the indole
solution and HC1 are added separately (12, 21).
Since we found that the 2.5 N IIC1 used by Keek(12) developed too faint a color, 6 N HCI was
used.
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Fm. 2. Standard curve for DNA determination.
The reaction tubes contained 100 pl. DNA solution
in 10 per cent perchloric acid; 50 M1 6 N HCl; 50
pl. 0.6 per cent indole. lst 2nd 3rd 4th
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TABLE I
Recovery of added DNA
DNA Content
of the Sample
pg DNA-P
DNA Added
pg DNA-P
DNA Re-
covered pg
DNA-P
Recovery
Per Cent
6.25 6.80 6.54 96
6.25 3.40 3.22 95
TABLE II
Determination of DNA (or interfering substances)
on a series of extracts
Extract
DNA or Interfering
Sobstances Content
Per Cent of Total
1st Ethanol Ether*
2nd Ethano1Ether*
1st 2% Perehiorie Acid
2nd 2% Perchioric Acid
1st 10% Perchioric Acid
2nd 10% Perchloric Acid
2
0
8
1
85
4
* The extracts were evaporated to dryness and
the residue taken up in 10 per cent perehiorie
acid.
TABLE III
Elimination by amyl acetote of the interfering color
in the deoxypentose reaction
Number of Extractions with
Amyl Acetate
Absorbancy at 490 mp of the
Water Phase after Extraction
0
1
2
3
0.390
0.285
0.275
0.275
is shown in Fig. 2. The average slope of the curve,
in three experiments, yielded 0.165 0.011 per
1.0 g./ml. DNA-P.
The lowest measurable amount of DNA cor-
responded to about 0.03 tg. DNA-P, in 100 jzl.
of acid solution.
The completeness of the extraction of DNA
by hot 10 per cent perchiorie acid was determined
by repeating the extraction a number of times.
The results (Fig. 3) show that the third extract
contained a negligible amount of DNA, and the
fourth none.
Recovery experiments—Two identical aliquots
from an epidermis homogenate in ethanol-ether
mixture were treated as above described using 2
per cent perehlorie acid. To one of the residues
after eentrifugation, DNA was added as indicated
in Table I. Both residues were then extracted by
heating with 10 per cent perehlorie acid, and the
DNA determined by the indole reaction. Very
good recovery was obtained with this method.
Specificity—To establish whether one extrac-
tion with ethanol-ether mixture and one with
2 per Cent perehlorie acid were sufficient to elimi-
nate the compounds in the indole reaction which,
reacting as DNA, can give erroneously high
values of DNA, an experiment was carried out
using two extractions with ethanol-ether, and
two with 2 per cent perehlorie acid. As shown by
Table II, the first ethanol-ether, and 2 per eent
perehloric acid extractions removed the inter-
fering material. Any free deoxyribonueleotides
and deoxyribonueleosides present would be taken
by the 2 per cent perehiorie acid extraction.
To determine whether one extraction with
amyl acetate was sufficient for elimination of the
pink color (12) interfering with the yellow color
given by deoxypentose, a series of experiments
was designed in which the water phase resulting
from the first amyl acetate extraction was sub-
jected to two additional extractions with an equal
amount (0.4 ml.) of amyl acetate, As Table III
shows, one extraction with amyl acetate was
sufficient to eliminate most of the interfering
color.
Experiments were also carried out to test the
validity of the method for epidermis homoge-
nates. To 10—20 M1 of a 10 per cent homogenate in
water was added 200 .tl. of ethanol-ether mix-
ture and the tube was kept in a water bath at
7Q5 C for 3 minutes. After centrifugation and
pipetting off the ethanol-ether mixture, the de-
termination was carried out as described above.
The results showed that the method is applicable
to routine determinations on epidermis homoge-
nates after they have been used for other deter-
minations.
Results of DNA Determination
Experiments were carried out to compare our
results with the data reported for tissues other
than epidermis obtained by maeromethods.
Soon after death by decapitation, specimens
of tissue weighing 1 to 2 mg. were taken from
various organs of male albino rats, weighing 70—
90 g. The results of DNA determination are
shown in Table IV, in comparison with data from
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TABLE IV
DNA concentration in rat tissues
pg. DNA-P/mg. of Fresh Tissue
Present Methodt Other Methodt
Thymus 2.55 2.40—3.09
Spleen 1.40 1.15—1.35
Liver 0.30 0.21—0.31
t Mean value of three determinations on tissue
from the same animal.
t Method of Schneider and KIug. Data reported
by Davidson (18).
TABLE V
DNA content of human epidermis
pg. DNA-P/mg. Tissue
0,29 0.01
0.31 0.01
0.26 0.Olt
0.30 0.02t
0.36 0.02t
Average 0.30 0.06t
t Standard deviation of duplicate measure-
ments.
t Standard deviation of the mean.
the literature (18). Good agreement was found
with data obtained with macromethods for
organs other than skin.
DNA Content of Human Epidermis and of
Scales—The DNA content of five specimens of
epidermis from normal human skin separated
from the dermis by the stretch method was es-
timated by the described method. The results of
duplicate determinations for each specimen are
shown in Table V.
DNA determinations were also carried out on
scales from patients affected by psoriasis, and
compared with determinations on scales obtained
from subjects not presenting any skin disease.
The average content of DNA in three specimens
of psoriatic scales was 0.20 jig. of DNA-P/mg.
scales. No DNA was found in the scales from
normal skin.
The values for DNA content of normal human
epidermis fall in the same range as those for
guinea pig epidermis as reported by Tabachnick
(19) using a method analyzing larger samples of
tissue.
DIscussIoN
The described method is simple and fast enough
for routine determinations, and at the same time
accurate. It can be applied to homogenates after
they have been used for other determinations
(enzyme assays, etc.) or to freezing microtome
sections. Where necessary, the tissue can be left
a few hours in absolute ethanol, then stored in
ethanol-ether mixture before determinations are
carried out (13).
The choice of a reference substance for the ex-
pression of experimental data on chemical com-
position of a tissue is especially difficult in case
of heterogeneous tissue such as the epidermis.
Dry or wet weights are most commonly used as
reference values, but these may give misleading
interpretations of the variations occurring in the
tissue (2, 3), because of the influence of variable
amounts of inert keratin and of other constit-
uents which may affect the number of living cells
per unit weight. Essentially the same difficulty
is encountered when protein N or total N are
used as reference for expressing the chemical
composition of epidermis.
A good approach to the resolution of the prob-
lem is reached using the nucleic acid content of
the tissue as reference basis, but the concentra-
tion of ribonucleic acid in the cells varies in some
physiological and pathological states (18). On
the other hand, the deoxyribonucleic acid content
of the cell nucleus has been shown to be constant
for the different somatic tissues of the same in-
dividual and for different individuals of the same
species (1). The DNA content per nucleus is
constant as long as no changes in chromosome
number occur (20). It has further been demon-
strated (3) that in the liver the DNA content per
cell does not vary with sex, protein or vitamin-
deficient diets, and induced carbohydrate or fat
metabolic alterations.
The stability of the content of DNA in the cell
suggests that DNA determinations may prove
useful as reference values for analytical work on
the epidermis (6). This reference will be a better
indication of enzyme changes in physiological
and pathological states. DNA determination has
been found (21) useful for determination of
growth in tissue cultures.
If the enzymatic activity is expressed per units
of DNA, and if the unit of DNA chosen is the
amount per nucleus, the enzyme concentration
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may be approximately estimated on a cellular
basis (18).
In the case of epidermis, the reference of the
chemical composition of the tissue to DNA
takes into account only the nucleated cells, which
are the site of the most significant biological ac-
tivities. Furthermore, the relation of the chemical
composition of epidermis to DNA content renders
possible better comparison with the values of
biochemical activity of other tissues.
As a reference basis for epidermis, DNA is of
value only, of course, when it is possible to assume
that the chemical constituent or the enzymatic
activity to be related to the DNA content of the
tissue is present only in normally nucleated cells.
Conditions such as parakeratosis and poliploidy
will make the interpretation of DNA as a refer-
ence value rather difficult.
sUMMARY
A micromethod for determination of deoxy-
ribonucleic acid in epidermis has been developed
and is described in detail. The method is simple
and accurate, and applicable to routine deter-
minations of DNA on minute amounts of ma-
terial obtained from fresh surgical specimens,
freeze-microtome sections or epidermis homogen-
ates.
After acid-solubilization of nucleic acids by 10
per cent perchloric acid, the indole reaction for
deoxysugars is carried out on 100 pl. samples of
acid solutions.
By this procedure it is possible to analyze tissue
samples weighing about 1 mg. and containing a
total of about 0.5 to 6 Mg. of deoxyribonucleic
acid. The method can be easily scaled down fur-
ther to measure half the indicated amount of
DNA on 50 1d. aliquots.
The average DNA content of fresh human
epidermis estimated by this method was 0.30 Mg.
DNA-P/mg. of fresh tissue.
The average content of DNA of psoriatic scales
was found to be 0.20 Mg. DNA-P/mg. of scales.
No DNA was found in the horny layer of normal
human epidermis.
The use of DNA determinations as a reference
basis for expression of the chemical composition
of epidermis in normal and pathological states is
discussed.
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